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I. Introduction
A. Statement of the Problem
Ocean Park Beach is located within the city of Virginia Beach, Virginia,
along the southern shore of lower Chesapeake Bay (Figure 1). It is an
important recreational beach for residents of the Ocean Park community and is
a valuable beach site for the resort industry of the city. In April, 1987,
Virginia Beach, in conjunction with the federal government, implemented a
beach nourishment project to increase the recreational potential of Ocean Park
as well as to decrease tangible primary flood damages and to prevent monetary
loss due to erosion of real estate. Another, smaller nourishment project was
performed in January, 1991. These projects involved the placement of 136,000
cubic yards (103,980 cubic meters) and 70,000 cubic yards (53,519 cubic
meters) of beach fill. Lynnhaven Inlet is routinely dredged as part of
channel maintenance and the dredged material was the beach fill placed at
Ocean Park Beach.
Historically, Ocean Park has been one of the many stretches of
Chesapeake Bay shoreline undergoing severe erosion. The Corps of Engineers
estimated the erosion rate prior to the 1987 fill to be approximately 2.6
ft/yr (0.79 m/yr) (U.S. Army Corps of Engineers, 1990). However, Bryne and
Oertel (1986) determined the recent erosion rate to be about 4.5 ft/yr
(1.4 m/yr).
In order to evaluate the beach losses due to shoreline erosion, the City
of Virginia Beach set up an intensive survey of the beach and nearshore along
Ocean Park. The surveys were performed monthly before and after each
nourishment project. This report presents the analysis of the surveys as well
as an evaluation of the general hydrodynamic setting of the Ocean Park
shoreline. The objective is to determine if beach losses and sediment
transport trends are discernible and, if so, what are the wave forces
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Figure 1. Study site location and the location of the Thimble Shoals
wave gage.
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responsible. This information may lead to alternative, possibly more cost
effective, beach nourishment methods.
B. Limits of the study Area
Ocean Park is located in the lower bay west of and adjacent to Lynnhaven
Inlet. We are most interested in a section of shoreline that extends from
Lynnhaven Inlet westward for about 4,800 feet (1,463 m). This reach of
shoreline is the site of the 1987 and 1991 beach fill projects and is set
within a larger section of coast that is roughly defined by Lynnhaven Inlet on
the east and the Chesapeake Bay Bridge Tunnel (CBBT) on the west.
C. Approach and Methodology
Field data and computer modelling methods were used to address the
objectives. Data analyzed for this report include beach profiles measured at
Ocean Park during the period January, 1987 through June, 1991. Beach profile
surveys have been done monthly since the first renourishment project by the
City of Virginia Beach; however, individual profile lengths and depths were
not consistent over the monitoring period. The datum for vertical control is
mean low water (MLW). Thirteen beach profile transects were positioned at 400
foot (122 m) intervals along the shore (Figure 2). We used a baseline for
plotting the profiles and making calculations that is 100 feet (30.5 m) behind
the City of Virginia Beach's baseline which runs along the beach. Appendix I
contains the full set of profile plots with adjacent survey dates plotted
together for individual profiles. Data were summarized in terms of relative
shoreline positions to mean high water (MHW). Figure 3 gives a pictorial
definition of the profile terminology used in this report. Plotted profiles
were also used to calculate beach area and volume changes over time. All the
nearshore data were calculated by taking into account all sand below MLW to
the end of each profile. Subaerial beach changes occur above MLW. The mean
tidal range at Ocean Park is 2.6 feet (0.79 m).
3
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Figure 3. Typical beach profile demonstrating terminology used in report.
The hydrodynamic forces acting along the Ocean Park shore reach were
evaluated using RCPWAVE, a computer model developed by the u.s. Army Corps of
Engineers (Ebersole et al., 1986). This program was modified to run on the
VIMSPrime 9955 mainframe. RCPWAVE is a linear wave propagation model
designed for engineering applications. This model computes changes in wave
characteristics that result naturally from refraction, shoaling, and
diffraction over complex shoreface topography. To this fundamental linear-
theory-based model, VIMS has added routines which employ recently developed
understandings of wave bottom boundary layers to estimate wave energy
dissipation due to bottom friction. The VIMS revision also estimates wave-
induced, longshore, surf zone currents and littoral drift by means of three
different theoretical models, two of which incorporate the effects of
longshore gradients in breaker height. The reader is referred to Ebersole et
al. (1986) and Wright et al. (1987) for a thorough discussion of RCPWAVE, its
use and theory.
The model was run using 14 separate sets of incident wave conditions
(wave height, period, and direction) which were selected on the basis of wave
gage data from the VIMS's Thimble Shoals Gage (TSG). Bathymetric data used to
create the Ocean Park Grid (OPG) was obtained from the National Oceanic Survey
(NOS, 1987) in digital format. The grid array has horizontal cell dimensions
along the x axis of 65.5 feet (20 m) and 131.2 feet (40 m) along the y axis.
Breaker wave conditions and littoral sediment drift were calculated for 110
beach cells.
II. Coastal Setting
A. Shoreline and Nearshore Morphology and Sediment Transport
The Ocean Park beach lies approximately six miles (9.7 km) west of Cape
Henry at the mouth of Chesapeake Bay (Figure 1). The shoreline is orientated
6
west-east and exists on a low flat coast. It is bordered to the east by
Lynnhaven Inlet and is part of a nearly continuous, narrow, sandy beach which
extends westward 17 statute miles (27 km) from the mouth of the bay to the tip
of Willoughby Spit. More specifically, the beach fill project area extends
from Lynnhaven Inlet westward for about 4,800 feet (1,463 m).
As previously mentioned, Ocean Park is set within a larger reach of
coast that we have defined for this study. The shoreline and offshore
bathymetry are contained in the OPG which extends northward into Chesapeake
Bay for about 3.0 miles (4 km) to about 25 feet (7.6 m) below mean sea level
(MSL) (Figure 4). There are several interesting morphologic features in the
OPG including Lynnhaven Inlet and its associated ebb shoals, the broad shoal
region on the west side of the grid and the east-west trending channel that
occurs between 0.5 miles (0.8 km) and 1.5 miles (2.4 km) offshore.
Ludwick (1987) defined the east-west channel as the Beach Channel, the
axis of which trends approximately parallel to the southern shoreline of the
Chesapeake Bay from Cape Henry westward past Lynnhaven Inlet, Little Creek
entrance, and on to Willoughby Spit. The water depth in this channel is
approximately 28 feet (8.5 m) along much of its length, compared to lesser
depths both closer and farther offshore. The flood currents in the Beach
Channel near the bottom are stronger and longer in duration than the ebb
currents. This channel may strongly affect the local wave climate.
In general, net sediment transport is from east to west along the
southern shore of the Chesapeake Bay from Lynnhaven Inlet to Willoughby Spit.
However, inlet tidal currents and refracted waves often cause west to east
drift along the Ocean Park shoreline (Byrne and Oertel, 1986). Also, sediment
from the accreting Cape Henry beaches will not reach the Ocean Park beach
because Lynnhaven Inlet and its extensive ebb shoals effectively hold on to
the sand and prevent it from bypassing to Ocean Park.
7
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B. Beach and Nearshore Sediments
According to the Army Corps of Engineers (1990) the average mean grain
size of the beach sands along Ocean Park is 0.35 mm (medium-grained). This
analysis is no doubt influenced by recent beach fill projects. Hobbs et ale
(1992) found the sediments in the nearshore to be between 0.2 mmand
0.35 mm.
C. Wave Climate
The wave climate within lower Chesapeake Bay has been the focus of
recent study (Boon et al., 1990). From September 1988 to October 1989, VIMS
deployed a bottom-mounted wave gage in the Thimble Shoals area of lower
Chesapeake Bay (Figure 1). The wave and current data sensed and recorded at
this station are indicative of conditions experienced at Ocean Park. Wave
characteristics of a moderate to severe northeast storm, perhaps typical of
late winter - early spring conditions, were "captured" by the wave gage on
March 8 and 9, 1989. Average wave height for the storm was 3.6 feet (1.1 m)
with a 6.0 s period. Highest waves recorded were 6.2 feet (1.9) m.
One of the unique features reported in the Thimble Shoals wave data set
is the bimodal distribution of wave directions reflecting a dual energy source
which impacts this area. Boon et ale (1990) found that 40 to 60\ of all waves
measured each month were between 0.67 feet (0.20 m) and 1.97 feet (0.60 m) in
height. During late spring and summer months, about 80\ of the measured waves
were directed west-northwest, thus generated outside the bay. During fall and
winter months, only slightly more than half of the 0.67 feet (0.20 m) to 1.97
feet (0.60 m) waves were generated outside the bay. Bay-external waves result
from swell and shelf-originated wind waves.
Of the fall and winter waves with heights greater than 1.97 feet
(0.60 m), almost all were directed south, thus generated within the bay.
These fall and winter waves result from northeasters (extratropical storms)
9
and northwesters, which produce strong north winds along the maximum fetch of
the bay. As Ocean Park is located at the southernmost end of Chesapeake Bay,
it receives waves generated over the whole north-to-south fetch of the bay
(over 100 miles, 160 km). The passage of extratropical, low pressure storms
also produces elevated water levels which further increase the wave height and
energy and strongly impacts Ocean Park's shoreline. In the summer months,
locally generated waves reached only minimal heights. Thus, the higher wave
energy in winter generally causes beach erosion while calmer conditions in
summer tend to cause beach accretion.
Although the largest wave heights recorded were associated with waves
generated inside the bay, these waves were relatively infrequent. The more
typical waves were intermediate in height, 0.67 to 1.97 feet (0.20 to 0.60 m),
with approximately 50% of these waves generated outside the bay in the fall
and winter and 80% in the summer. However, each of these energy sources
contributes to the conditions at Ocean Park, and each plays an important role
in altering the shore's morphology.
III. Beach Characteristics and Behavior
A. Beach and Surf Zone Profiles and Their Variability
Figure 2 is the basemap for Ocean Park. The 13 profile labels are
referenced to the City of Virginia Beach's field surveys where 000 is 0+00,
040 is 4+00, and so on to 480 which is 48+00. Profiles 000 to 200 cross a
bulkhead, and profiles 240 to 480 cross a dune system before reaching the
beach. The early profile sets were run out several hundred feet past MLW but
the later profiles only went to just beyond MLW. Therefore, nearshore volume
calculations could only be performed for the early profile set.
Figures 5 through 17 are plots of the individual profiles with five
significant dates plotted together for each of the 13 profiles. The survey
10
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Figure 13A. Profile 320 plot depicting changes involving the 1987 fill project.
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Figure 13B. Profile 320 plot depicting changes involving the 1991 fill project.
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Figure 14A. Profile 360 plot changes involving the 1987 fill project.
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Figure 15A. Profile 400 plot depicting changes involving the 1987 fill project.
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Figure 15B. Profile 400 plot depicting changes involving the 1991 fill project.
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Figure 16A. Profile 440 plot depicting changes involving the 1987 fill project.
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Figure 16B. Profile 440 plot depicting changes involving the 1991 fill project.
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Figure l7A. Profile 480 plot depicting changes involving the 1987 fill project.
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Figure l7B. Profile 480 plot depicting changes involving the 1991 fill project.
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date on the figures is listed as month, day, then year (e.g. Nov1690 = 16 Nov
1990). The profiles compare the pre-initial fill condition (Jan 87), the
post-initial fill condition (May 87), the pre-secondary fill condition (Nov
90),' the post-secondary fill condition (Jan 91), and the most recent survey
condition (Jun 91). Nearshore changes, including offshore bars can be seen
for the early dates up to November 1990. Also, there are no January, 1987,
survey data for profiles 440 and 480.
Beach losses after the initial fill are evident on each profile as seen
in the 'A' portion of Figures 5 through 17. Of interest in the nearshore
region is a slightly deeper trough just beyond MLW seen in Figures 8, 9, 10
and 11 (profiles 120, 160, 200, and 240). Further west the nearshore becomes
shallower with more shifting bar activity as seen in Figures 12 through 17.
B. Variability in Shoreline Position and Beach Volume
1. Shoreline Position Variability
The movement of the shoreline through time can be represented by
plotting the position of MHW. Figures 18 to 22 show the distance of MHW from
the baseline for each survey date. In general, several trends are evident.
Most obvious is the rapid adjustment of the beach to the first fill project.
Dates immediately following the fill show significant variations in shoreline
position from month to month. However, the later dates and those immediately
prior to the second fill show less movement of the shoreline. Another trend
is the wider, subaerial beach at the western end of the project between 360
and 440. This could be due to placement of a greater amount of sand during
the first beach fill project and the shallow nearshore region which would tend
to attenuate wave action, reduce breaking wave heights, and thus reduce beach
loss.
Another shore feature is a curvilinear embayed shoreline segment between
profiles 040 and 360. This feature persists through time and is accompanied
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Figure 18A. Distance of MHWfrom the baseline
for Jan 01, May 20, Jul 20, Aug 18,
and Sep 21, 1987.
Figure 188. Distance of MHW from the baseline
for Sep 21 and Nov 24, 1987; Mar 22,
May 23, and Jul 27, 1988.
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Figure 19B. Distance of MHWfrom the baseline
for Jan 17, Mar 25, Jun 07, Jul 07
and Aug 01, 1989.
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Figure 20A. Distance of MHWfrom the baseline
for Aug 01, Sep 11, Oct 02, Nov 07,
and Dec 15, 1989.
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Figure 208. Distance of MHWfrom the baseline
for Dee 15, 1989; Jan 02, Feb 01,
Mar 09, and Apr 02, 1990.
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by the deeper region in the very nearshore. Here the beach width is
relatively narrow, and half of the embayed shore is backed by a bulkhead.
Bulkheads sometimes tend to reduce the frontage beach in both width and
elevation relative to adjacent non-hardened shores (Hardaway and Thomas,
1990) .
The annual rates of shoreline change (i.e. position of MHW) are shown in
Figures 23 to 35. The movements reflect the change in the subaerial beach.
Shoreline change is variable but a general trend of gain in the summer and
loss in winter exists.
Figure 36 shows the net movement of the shoreline for the 5 significant
dates. The two large gains reflect both fill projects. Highest erosion is
seen at profile 080 after each fill project and profiles 400 and 440 after the
first fill operation. A slight gain is seen at profiles 400 and 440 after the
second fill. Profile 000, near Lynnhaven Inlet, actually showed a loss after
the first beach fill project.
2. Beach and Nearshore Volume Changes
The amount of material either lost or gained along the shore for
the subaerial beach can be measured by changes in cubic yards per foot per
year (cy/ft/yr). The seasonal variability (i.e. summer and winter) is shown
in Figures 37, 38 and 39. The changes are measured from September, 1987, the
fall after the initial fill project. The three eastern most profiles
excluding 000 in Figure 37 show gains in the summer and losses in the winter.
Profile 000 trends the opposite, gaining in the winter and losing in the
summer. This may reflect partial eastward transport out of the region of
profiles 040, 080, and 120 toward profile 000 as well as sediment movement
westward and possibly offshore. All four of these profiles show the increase
from the second beach fill in April 1991.
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Figure 23. Subaerial beach annual rates of change at profile 000.
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Figure 24. Subaerial beach annual rates of change at profile 040.
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Figure 25. Subaerial beach annual rates of change at profile 080.
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Figure 26. Subaerial beach annual rates of change at profile 120.
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Figure 27. Subaerial beach annual rates of change at profile 160.
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Figure 28. Subaerial beach annual rates of change at profile 200.
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Figure 29. Subaerial beach annual rates of change at profile 240.
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Figure 30. Subaerial beach annual rates of change at profile 280.
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Figure 31. Subaerial beach annual rates of change at profile 320.
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Figure 32. Subaerial beach annual rates of change at profile 360.
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Figure 33. Subaerial beach annual rates of change at profile 400.
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Figure 34. Subaerial beach annual rates of change at profile 440.
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Figure 35. Subaerial beach annual rates of change at profile 480.
37
1.000
800
600
400
200
...-......
0
.........
-200
-400
-600
-800
-1000
Jan87 Jan88
-100
o
480440400360320280240200 160120080040000
ProfileNumber
Figure 36. Net movement of the shoreline before and after each beach
fill project.
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Figure 38. Seasonal variability in the position of MHWat
profiles 160 through 280.
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Profiles 160, 200, 240 and 280 (Figure 38) show similar trends of summer
gains and winter losses but at lesser rates than profiles 040, 080 and 120.
Profile 280 is the exception showing a gain in the winter of 87-88 and a slow
but steady loss up to the second fill. The second fill operation is once
again seen in April 1991.
For profiles 320, 360, 400, 440 and 480 (Figure 39) on the western edge
of the project area, the seasonal relationships are less clear. The second
beach fill had less impact on this section of beach but gains from it are seen
in profiles 320, 360, and 400. At the same time, a significant loss is shown
for profile 480.
Net sand volumes of the subaerial beach are shown in Figure 40 for the
period January, 1987 to November, 1990. The volumes are relative to the
first pre-fill condition (i.e. 0 =Jan87) and the cells are defined by the
profiles (see Figure 2). From pre-1 to post-1 (Jan87 to May87), all sand
volume placed shows accretion in each cell except 1 where a slight loss is
seen.
From post-1 to pre-2 (May87 to Nov90), all but cells 1, 8, and 9 lost
significant amounts of sand. Some of the highest losses occurred in cells 2,
3, 4, 5, and 11. Only cells 8 and 9 have maintained a significantly wider
subaerial beach than the pre-fill condition. Sand losses from adjacent cells
may have been transported into that area.
Figure 41 demonstrates changes that took place in the nearshore area
from January, 1987 to November, 1990 (pre-fill 1 to pre-fill 2). Fill
material was not uniformly placed in the nearshore, but net volumes did
increase from pre-fill 1 to post-fill 1. However, from May, 1987 to November,
1990, cells 2, 3, 11, and 12 showed losses of sand to the point where they
contained less sand than before the fill operation. Cells 1, 7, and 8 gained
material in that same time period. All other cells have lost material from
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Figure 41. Net nearshore sand volumes.
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the nearshore region but still have greater sand volume than their pre-fill
condition. In general, the areas of the subaerial beach that show accretion
(cells 1, 8, and 9) also tended to gain material in the nearshore region, and
the areas that were receding in the subaerial portion of the beach were losing
material from the nearshore region from May, 1987 to November, 1990.
Since the first beach fill, the subaerial beach has realized a net loss
(Figure 42). This precipitated the need for the second beach fill. Of the
initial 136,000 cubic yards (103,980 cubic meters) of material placed in
April, 1987, 51% was lost prior to the second fill in January, 1991. Losses
in the first year of the first fill were 37%, the second year 23%, the third
year 24%, and 16% of the initial fill was lost in the fourth year. Therefore,
initial losses were greatest in the first year following the first beach fill
project. A total of about 70,000 cubic yards (53,519 cubic meters) were lost.
Since significant nearshore gains occur only in cells 7 and 8, it is
assumed that most of the material has been transported east and west out of
the study area rather than offshore. However, nearshore surveys only go to
600 feet offshore and offshore transport beyond that zone is unaccounted for.
Surveys of the beach fill volume for the second fill project show a net
gain of 50,000 cubic yards (38,228 cubic meters) out of the reported 70,000
erosion. Beach volumes changes in the nearshore are not available due to
shorter surveys taken during that time. In June, 1991, the second fill volume
(subaerial) was reduced by about 5,000 cubic yards (3,823 cubic meters).
Given the above scenario, another fill project will be needed in the
winter of 1994-1995 to maintain the beach width the city needs to maintain a
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dredged and placed on the beach. The 70,000 cubic yards approximates the
amount of material lost from the 1987 fill project most. Most of the second
fill (January, 1991) was placed in the shallow embayment, the area of chronic
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Figure 42. Volume loss or gain of the fill material.
44
120-
UJ
"0'- 110as
0 '(jj"
:c
't:Ic
:J CIS
0
100-- 0J:
Q) t::..
E
:J 90
g
80
'I
viable protective and recreational beach at Ocean Park. However, intense storm
activity during the fall of 1991 and preliminary analysis of subsequent surveys
show additional beach fill may be required earlier.
C. Anthropogenic Impacts to Shoreline Processes
There are two main man-induced activities that affect the shoreline
processes at Ocean Park. They are the recurring (3 to 5 yrs) dredging of
Lynnhaven Inlet and the proximity of property improvements to the shoreline. A
natural beach system such as the area to the west of the bulkhead has a broad
beach and backshore with a dune system that allows for wave runup and some dune
erosion during storm periods. The beach tends to recover naturally after a storm.
However, the construction of roads and houses close to the shore along the eastern
part of the Ocean Park study area eventually required bulkheads for protection.
Bulkheads will restrict natural wave processes and may add to the beach erosion
through time, resulting in a reduced beach width (Hardaway and Thomas, 1990).
Therefore, it is necessary to maintain a protective beach in that area.
IV. Wave Modelling at Ocean Park
A. RCPWAVESetup
A detailed discussion of wave processes, sediment transport and numerical
modelling are beyond the scope of this report; the interested reader can refer to
Appendix II for a listing of pertinent references. The technique used here was
similar to that described by Ebersole et al. (1986): we applied a modified
version of the RCPWAVE program originally developed by the u.S. Army Corps of
Engineers.
The use of RCPWAVE to model the hydrodynamics at Ocean Park assumes that
wave transformation is affected only by the offshore bathymetry (Figure 4). In
actuality, the local wave climate will be strongly influenced by tidal currents
operating along the lower Bay shoreline as well as the tidal effluent created by
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Lynnhaven Inlet. Also, variations in water levels due to storm surges are not
incorporated into the model runs. The purpose here is to present a general
view of the wave climate.
The local wave climate input for RCPWAVE is based on wave data from the
VIMS Thimble Shoals Wave Gage for the period September, 1988 to October, 1989.
The wave gage is located about 7 miles (11 km) northwest of Ocean Park near
the Thimble Shoals Light (Figure 1). In order to model wave approach at Ocean
Park, only the waves that are directed toward the southwest, south, and
southeast are utilized. These conditions represent waves generated within the
bay from the northeast, north, and northwest for a duration of 9 hours or more
from the same direction. Also, the average wave condition for the March 8 and
9, 1989 northeaster was modelled.
Fourteen wave conditions were selected from the wave gage data for the
model runs (Table 1). For each condition, there is an incident wave height
(H) in meters, period (T) seconds, direction (degrees from north), and
duration (hrs). These conditions represent a wave window of 11%of the total
wave gage data. The weighted means for these conditions are 1.4 feet
(0.42 m) for Hand 5.0 see for T at 1800 incident wave direction. For this
study, the weighted mean represents the modal wave condition based mainly on
wave height. The northeast storm condition used has an incident wave height
of 3.6 feet (1.1 m), 6.0 see period, and 1860 incident wave approach.
B. Wave Height Distribution and Wave Refraction
RCPWAVE takes an incident wave at the seaward boundary of the grid and
allows it to propagate shoreward across the nearshore bathymetry. Frictional
dissipation due to bottom roughness is accounted for in this analysis and is
relative, in part, to the mean sand size (0.25 rom). Waves also tend to become
smaller over shallower bathymetry and remain larger over deeper bathymetry.
It is assumed (based on laboratory data) that waves break when the ratio of
wave height to water depth equals 0.78 (Komar, 1976).
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From the perspective of beach stability and behavior, it is the energy
and momentumflux entering the surf zone that are important. Both quantities
are proportional to the square of the wave height; the height of the setup at
the shore is directly proportional to the breaker wave height (Komar, 1976;
Wright et al., 1987).
Figure 43A shows the distribution of breaking wave heights along the
shoreline of the Ocean Park Grid for the modal wave conditions. The highest
breaking wave conditions occur in the Ocean Park region, in particular between
profiles 120 and 240, the area of the nearshore trough. Some of the smallest
breaking waves in the OPG occur at the CBBT. This may be due to wave
dissipation across the broad nearshore shoal in that area. Breaking wave
height distribution within the area of Lynnhaven Inlet is suspect due to the
bathymetric contours running roughly parallel to the direction of wave
approach.
The breaking wave distribution for the northeast storm condition is
shown in Figure 43B. The distribution of breaking waves is somewhat more
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TABLE 1. WAVECONDITIONS USED IN MODELRUNS.
Case Height Period Direction Duration
Number (m) (s) (deg) (hrs)
1 0.2 5 180 15
2 0.3 5 180 54
3 0.3 6 180 9
4 0.4 5 180 486
5 0.4 5.5 180 87
6 0.5 6 180 180
7 0.6 5 180 27
8 0.7 6 180 42
9 0.2 4.5 135 18
10 0.3 5.5 135 9
11 0.4 6 135 12
12 0.2 7 225 9
13 0.3 5.5 225 21
14 0.4 5 225 63
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uniform across the OPG than the modal wave condition. As with the modal
condition, some of the highest breaking waves for the storm condition occur
within the Ocean Park shore segment.
Upon entering shallow water, waves refract and the direction of wave
travel changes with decreasing depth of water in such a way that wave crests
tend to become parallel to the depth contours. Irregular bottom topography
can cause waves to be refracted in a complex way and produce variations in the
wave height and energy along the coast (Komar, 1976).
The direction of wave approach across the OPG is shown in Figure 44A and
448 for the modal and storm conditions. The wave vectors are the refracted
wave height and direction at that point in the nearshore and the plot stops at
the breakpoint. In the modal condition, higher relative breaking wave heights
on the east side of Ocean Park show a slight eastward bending wave front.
Smaller westward refracted waves on the west side of Ocean Park are also
evident.
8reaking waves in the storm scenario (Figure 448) occur near the edge
of the ebb shoal off of Ocean Park. The refracted waves appear to be bending
eastward on the east side of Ocean Park and westward along the west side of
Ocean Park. The reader is reminded to note the difference in vector scaling
for the wave refraction plots (i.e. Figures 44A and 448).
c. Littoral Transport Patterns
The wave-induced movement of sand along a beach zone is dependent on
breaking wave height and angle of wave approach. These parameters were
evaluated to calculate the littoral drift transport rate, (Q) (expressed in
cubic meters per hour). Applications of littoral drift formulae are subject
to large errors; hence, the absolute magnitudes predicted must be considered
suspect or, at best, accepted with caution (Wright et al., 1987). However,
the relative magnitudes as they vary along the coast under different wave
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Figure 44B. Wavevectors for storm condition across OPG.
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scenarios are probably more meaningful as are predicted directions of
transport. Estimates obtained using the two methods in this report include
the moderating effects of breaker height variations.
The methods of littoral drift used here are by Komar and Inman (1970)
and Gourlay (1982) as discussed in Wright et ale (1987). The reader is
'referred once again to Wright et ale (1987) for a complete discussion of these
formulae and their applications.
Sediment transport rates (Q) resulting from the modal wave condition
shows the same pattern for both methods (Figure 45A). There is generally a
net movement indicated to the east with several data "spikes," or extremes
located in the region of Ocean Park between profiles 040 and 280. There is
essentially no net movement along the west side of the OPG. Note the values
for transport rates for each of the two methods employed here. There are
several orders of magnitude difference between the methods but the relative
patterns are essentially the same.
The sediment transport rates for the northeast storm condition are seen
in Figure 45B. There is greater variation in sediment transport rate on the
west side of the OPG than for the modal condition. However, the sediment
transport rate "spikes" are still concentrated in the Ocean Park area with a
net movement indicated to the east.
The littoral drift transport rates at Ocean Park under modal and storm
conditions indicate movement both east and west. This area may be a shore
sector where divergence in transport directions occurs. It is also the area
where the subaerial beach suffers chronic erosion (i.e. the general location
of the shore embayment between profiles 040 and 360) as discussed in Section
III.
The absolute rates (Q) of littoral drift are not direct causes of either
erosion or accretion. Erosional or accretionary changes in the volume of sand
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Figure 45. Littoral drift transport rate (Q) (m3/hr) for modal (A) and storm (B)
condition using methods by Gourlay (1982) and Komar and Inman (1970).
A negative value indicates transport to the west.
A T I -c::--T B
Ocean
Park
\J1
1 21
1
w
Lynnhaven
Inlet
f
-+ ~-----
stored in a beach are determined by the gradients in alongshore flux (dQ/dy).
Specifically, when the rate of littoral drift entering a given coastal sector
exceeds the rate exiting the sector, accretion results. Erosion results when
output exceeds input; there is no change when input and output are equal
(Wright e~ a1., 1987). Onshore-offshore sediment fluxes are not accounted for
in the estimates of (dQ/dy) here.
Once again the two methods used to derive sediment transport rates (Q)
are used to determine alongshore sediment flux (dQ/dy). Figure 46A displays
the (dQ/dy) for the modal wave condition. High relative rates of erosion and
depostion occur as data "spikes" in the east two-thirds of the Ocean Park
region. These extremes once again occur in the area between profiles 040 and
360 and indicate a net loss. A high deposition rate is seen in the region of
prof He 000.
The northeast storm values for (dQ/dy) are shown in Figure 46B. The
largest rates of erosion and deposition west of Lynnhaven Inlet are evident in
the area of Ocean Park. The net change in the Ocean Park area shows a slight
loss for this wave condition.
The "spikes" in (Q) and (dQ/dy) at Ocean Park (between profiles 040 and
360, i.e. the embayment) for both modal and storm wave conditions indicate
active sediment movement in that area. This is an area of high erosion rates
and large sediment volume losses as shown in the profile data analysis. This
would appear to be a zone of divergence where sand is transported east and
west out of that shore sector.
V. Conclusions
The beach nourishment projects done at Ocean Park in 1987 and 1991
reflect the commitment of the city of Virginia Beach to maintain a protective
beach along that section of shoreline in the City of Virginia Beach. The fact
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that this creates a recreational area is an added feature. Also, the chronic
erosion of the beach area in front of the existing bulkhead would reduce the
beach width and threaten the integrity of the shoreline structures.
The 1987 beach fill (136,000 cubic yards, 38,228 cubic meters) lost half
of its volume in about four years. The beach width had been reduced to the
point where a second beach fill project was initiated (70,000 cubic yards,
53,519 cubic meters) in January 1991. Most of the second fill was placed in
the region of severe erosion that is in front of and just west of the bulkhead
(i.e. the shoreline embayment). The second fill lost about 5,000 cubic yards
(3,823 cubic meters) by June 1991. Analysis of subsequent surveys indicate
additional fill maybe needed earlier than the winter of 1994-1995 projection.
The reason for the area of active erosion at the embayed shoreline at
Ocean Park appears to be related to the local wave climate. Analysis of wave
data from September, 1988 to october, 1989 shows wave heights for that period
average about 1.38 feet (0.42 m) for waves travelling southward toward Ocean
Park within Chesapeake Bay. Northeast storm waves averaging 3.6 feet (1.1 m)
were recorded by a wave gage near the study area. Relatively high breaking
waves for both wave conditions are predicted at the area of the shoreline
embayment by the hydrodynamic computer model RCPWAVE. The resulting
predictions in longshore sediment transport at the Ocean Park shoreline show
intense data "spikes" (high rates of erosion and deposition) in the area of
the embayment. This corresponds to measured consistent loss of beach material
over the period of profile surveys by the City. This is the area where
sediment transport appears to diverge and results in net beach loss. Further
additions of beach material will be needed to maintain a protective and viable
recreational beach. Another option may include a combination of beach fill
and offshore structures to reduce beach loss.
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strategically placed offshore rock breakwaters and an inlet jetty would
serve several purposes. First, the beach fill that would be added shoreward
of the breakwaters would come from maintenance dredging of Lynnhaven Inlet.
This' material would then be prevented from re-entering Lynnhaven Inlet, thus
reducing dredging frequency. Second, the stabilized fill and the offshore
breakwaters would offer a significant system of shore protection for Ocean
Park. Finally, an enhanced, stable and longer recreational shoreline would be
created. The exact extent and design of such a system would relate to long
term shoreline management goals to be defined by the city of Virginia Beach.
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I. Introduction
Thepurposeof thisreportis toupdatetheinformationcontainedin boththeOceanPark
BeachAssessmentReport(HardawayetaI.,1993)andtheOceanParkBeachAssessmentReport
Update(Milliganetal.,1994).Thosereportscontainanassessmentof theOceanParkshoreline
fromarangeof dataanalysesincludingbeachprofiles,sediments,andwaveclimate.Thisreport
is ananalysisof beachprofiledatatakenbetweenMay 1994andMarch1995.
A. Limitsof theStudyArea
OceanParkis locatedwithintheCityof VirginiaBeach,Virginiaonthesouthernshoreof
theChesapeakeBaywestof andadjacenttoLynnhavenInlet. Thepublicbeachandlimitof the
studyextendswestwardfromLynnhavenI letapproximately4,800feet(1,463meters).
B. Historyof theShoreline
TheCityofVirginiaBeach,in conjunctionwiththeU.S.ArmyCorpsof Engineers,
implementedabeachnourishmentprojectin April, 1987,toincreasetherecreationalpotentialof
OceanParkaswellastodecreasetangibleprimaryflooddamagesand preventmonetarylosses
duetoerosionof realestate.Thisprojectinvolvedtheplacementof 136,000cubicyards
(103,986cubicmeters)of beachfill dredgedfromLynnhaveninletaspartof itschannel
maintenance.In January,1991,anothernourishmentprojectwasperformed;however,this
projectwasmuchsmallerandincludedtheplacementof only70,000cubicyards(53,522cubic
meters)of sand.Today,thebeachareais continuingtoerode,butrecentlyanourishmentproject
hasbeenundertaken;odataareavailableasyet,andit is notincludedin thisreport.
C. ApproachandMethodology
TheCityofVirginiaBeachhasimplementedabeachprofilingprogramatOceanParkto
monitorchangesin theshorelineonamonthlybasis.Beachprofilestakenbetween1987and
1
1991wereanalyzedbyHardawayetal. (1993)andthosetakenbetween1991and1994were
analyzedbyMilliganetal. (1994).Forthisupdatereport,profilestakenatOceanParkfrom
May1994toMarch1995wereanalyzed.Thirteenbeachprofiletransectsarepositionedat400
foot(122meter)intervalsalongtheshore(Figure1). Weutilizeabaselineforplottingthe
profilesandmakingcalculationsthatis in thedunes,100feet(30.5meters)behindtheCityof
VirginiaBeach'sbaselinewhichis locatedonthesubaerialportionof thebeach.Thedatumfor
verticalcontrolis meanlowwater(MLW). AppendixI containsthesetof profileplotsanalyzed
for thisreport.Dataweresummarizedin termsof relativeshorelinepositionof meanhighwater
(MHW) aswellasvolumechangesovertime.ThemeantidalrangeatOceanParkbeachis 2.6
feet(0.79meters).
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II. Analysisof BeachProfiles
A. Variabilityof ShorelinePosition
Themovementof theshorelinethroughtimecanberepresentedbyplottingthepositionof
MHW. Figure2 showsthedistancetoMHW fromthebaselineforsixsummarysurveydates.
Thesedatesincludeimportant"benchmark"shorelines,uchaspre-initialfill (Jan.,1987),post-
initialfill (May,1987),pre-secondaryfill (Nov.,1990),andpost-secondaryfill (Feb.,1991),as
wellassummarydatesMay1994andMarch1995.As statedin Hardawayetal. (1993),several
trendsandshorelinefeaturesareevidentfromthepositionof MHW. Theseinclude:therapid
adjustmentof thebeachtothefill; thewidersubaerialbeachatthewesternendof theproject
betweenprofiles360and440;andthecurvilinearembayedshorelinesegmentbetweenprofiles
040and360.
AccordingtoMilliganetal. (1994),moreerosionoccurredonthewesternportionof the
beachwhiletheeasternportionin frontof thebulkheadwasnearlyunchangedbetween1991and
1994.Thebulkheadportionof thebeachwasstillnarrowest,butprofile360andthosetothe
west(Le.400,440,480)erodedbacktotheirpre-initialfill positionorbeyond.Therateof
erosionafterthesecondfill anduntil1994wasgreatestatthewesternendof theprojectand
decreasedsteadilytotheeastwithlittleerosionatprofiles040and000. Thecurvilinear
embaymentwasstillevidentalongtheshorelinefromprofile040-280.
Fromthespringof 1994toMarch1995,thebulkheadedportionof thebeachbetween
profiles120and240showedthegreatestamountof subaerialbeacherosion.In addition,profiles
120through200wereonthevergeof erodingbackpastthe1987shoreline.BetweenMay 1994
andMarch1995,profile120lost19feet(5.8meters)of subaerialbeach,profile160lost27feet
(8.2meters),andprofile200lost26feet(8meters).In March,profile120wasonly15feet(4.6
4
350
300
250
3: 200:r:
~
.9
~150---c:
OJ
1i5
is
Figure2.
100
----.---------------------------------------------------------------------------------------
~----------------------------------------------------.-----
50~ ~-- ------------------------.---------------------------
o
480 440 400 360 320 280 240 200 160 120 080 040 000
ProfileNumber
DistancetoMHW fromthebaselineforJanuaryandMay1987,November1990,
February1991,May 1994,andMarch1995.
5
---
JAN8?
-+-
MAY8?
"""*"""
NOV90
-e-
FEB91
......
MAY94
~
MAR95
((
(
meters)in frontof thepre-projectinitial1987shoreline,profile160wasonly30feet(9.1
meters),andprofile200only11feet(3.3meters).Sincefourprofiles(360-480)arealready
erodedbackbeyondthepre-initialfill shorelineatthehistoricalrateof change,bynextspring
seven(120,160,200,360,400,440,and480)outof thethirteenprofilesatOceanParkwould
havehada narrowerbeachthanbeforetheinitialsandnourishmentwasplaced.However,the
presentnourishmentprojectwill certainlyaffecta changein thistrend.
Profiles440and000actuallyaccretedbetweenMay1994andMarch1995.However,the
increasein subaerialbeachwidthatprofile440mostlikelyoccurredattheexpenseof thedune,
butprofile000wasprobablyduetothelocaleastwardtransportin winter(Hardawayetai,
1993).Profiles040and080showedlittlechange.Profile280is interestingsinceitsnetchange
betweenMay 1987(post-initialfill) andMarch1995hasonlybeena lossof 20feet(6.1meters).
Thisprofilemaybeanodalpointforbeachchangesincetherehasbeena littleaccretionand
erosionovertime,butfor themostpartit hasremainedfairlystableerodingatanaverageoverall
rateof 2.5feetperyear(0.76metersperyear).
B. Changesin BeachVolume
Sincethefirstbeachfill, thesubaerialbeachhasrealizedanetloss(Figure3). Of the
initial136,000cubicyards(103,986cubicmeters)placedonthebeach,51%,or about70,000
cubicyards(53,522cubicmeters),waslostpriortothesecondfill in January,1991.Duringthe
secondfill, approximately50,000cubicyards(38,230cubicmeters),outof thereported70,000
cubicyards(53,522cubicmeters)dredged,wasshownin thebeachsurveys.Mostof thisfill
wasplacedin thecurvilinearembayment,theareaof chronicerosion.Beachvolumechangesin
thenearshorearenotavailableduetoshortersurveystakenduringthattime.Presently,the
beachhaslostall of the50,000cubicyards(38,230cubicmeters)placedonthesubaerialbeach
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duringthesecondfill andhasonly39,000cubicyards(29,820cubicmeters)morethanthepre-
initialfill shoreline(January1987)remainingonthebeachaboveMLW.
C. SeasonalChangesin WaveClimateandBeachVolume
As statedin Hardawayetai. (1993),oneof theuniquefeaturesof thewaveclimate
impactingOceanParkBeachis thebimodaldistributionof wavedirectionsthatreflectsadual
energysource.FromthewavedatasetcollectedbytheThimbleShoalswavegage,Boonetai.
(1990)foundthatduringthelatespringandsummermonthsabout80%of thewaveswere
generatedoutsidethebay;however,duringthefall andwintermonths,almosthalfof thewaves
weregeneratedwithinthebay. Thesebay-internalwavescanbetheresultof northeastorms
whichproducestrongnorthwindsalongthemaximumfetchof thebay. SinceOceanParkis
locatedin thesouthernmostportionof theChesapeakeBay,it is impactedbythewavesgenerated
overtheentirenorth-to-southfetchof thebay. Northeastershavea significanteffectonthe
OceanParkshorelineasevidencedbythehighestseasonallossratesin thefall (Milliganetai.,
1994).
Milliganetai. (1994)foundthatin the1992-93winterseasonabout23,000cubicyards
(17,586cubicmeters)of sandonthesubaerialbeachwaserodedfromtheOceanParkshoreline,
whilethe1993-94seasonwasrelativelymildwithonly12,000cubicyards(9,175cubicmeters)
of sanderoded.Figure3 showsthathistorically,onlyasmallportionof thesandlosttowinter
stormswill returntothebeach.Duringthesummermonthsin 1994,thebeachappearsrelatively
stablewithonlyminimalchangesin erosionandaccretion,butoverall,thebeachaccretedby
about2,000cubicyards(1,530cubicmeters)of sand.
Thesetrendswill mostlikelycontinueatOceanPark. Sinceonly39,000cubicyards
(29,820cubicmeters)of thecombinedfill materialplacedatOceanParkduringthe1987andthe
8
1991renourishmentprojectsremainsonthebeach,about60%of thisremainingsandcouldbe
lostif the1995fall andwintermonthsareassevereasthe1992-1993season.
D. DuneChanges
Hardawayetat.(1993)showedthatagreateramountof sandwasplacedatthewestern
endof thebeachduringtheinitialfill projectin 1987.Thissignificantlywidenedthesubaerial
beachaswellasthedunearea.However,duringthesecondfill projectin 1991,mostof the
sandwasplacedontheeasternendof theprojectin theareaof chronicerosion(profiles040-
240). Milliganetat.(1994)showedthatfrom1990to1994peakelevationof theforedunes
decreasedandthedunefacesteepened.In addition,thedistancetothebaseof dune(BOD)
generallydecreasedindicatingthatthedunesarerecedinglandward.Figures4 and5 are
includedtoshowthechangein thewell-establisheddunesatthewesternportionof thebeachat
OceanParkbetweenMay 1991,May1994andMarch1995.Figure6 showsthelocationof the
stormwaterrun-offpipeatOceanPark(betweenprofiles440and480)relativetotheduneover
thepastfiveyearsanddemonstratesthelargescalechangesoccurringatthewesternendof the
OceanParkshoreline.In 1990,justtheendof thepipeis exposed.By 1992,thethreesetsof
pilingsonthefirstsectionof thepipehaveheldup,buttheexposedlandwardsectionsof pipe
havecollapsedundertheirownweight.In 1995,thebeachandduneshaveerodedbacksothat
thethreesetsof pilingsonceontheupperportionof thebeacharenearlycoveredathightide.
A limitedanalysishasbeenperformedonthedunesatthewesternendof theprojectarea,
specificallyatprofiles240to480,fromspring1994tospring1995.Table1liststhedistanceto
BOD foreachduneprofilein bothMay 1994andMarch1995.It alsoshowsthechangein
volumeaboveMHW in cubicyardsperfoot(cy/ft).Thevolumechangeincludestheentire
beachaboveMHW; thisconsistsof abackshoreregionaswellasthedunearea.
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TheBOD atprofile240erodedback25feet(7.6meters)from1994to1995whileprofile
280showsnochangein thedistancetotheBOD fromthebaseline.TheBOD remainedatthe
sameapproximatedistanceatprofile280,buterosionof sandin thebackshoreregionof the
beachdidoccur,asindicatedbythenegativevolumechangeaboveMHW in Table1. If profile
280is anodalpointfortheOceanParkshoreline,littlechangeis expected.Profiles320,360,
and400hadabouthesameamountof erosionoccurattheBOD,butprofile440lost
approximately17feet(5.2meters)of dunein oneyear.Profile480onlyhad2 feet(0.6meters)
of netchangein theBOD.
Table1.DistancetoBaseof Dune(feet)andvolumechangeaboveMHW (cy/ft)betweenMay
1994andMarch1995.
13
Profile MAY94 MAR95 NET CHANGE VOLUME CHANGE
Number (ft) (ft) (ft) (cy/ft)
480 86 84 -2 -3.50
440 117 100 -17 -2.52
400 100 92 -8 -5.73
360 110 102 -8 -7.92
320 100 91 -9 -1.58
280 100 100 0 -2.88
240 75 50 -25 -5.14
III. Conclusion
Thegeneralpatternof shorelinechangeappearstopersisthroughtime,buttheareaof
highesterosionshiftsupanddownthebeachwithprofile280asthenodalpoint.Between1991
and1994,erosionwasgreatestatthewesternendof thebeach(profiles320-440),butduring
1994and1995,theerosionwasgreatestatthewesternmostendof thebulkhead(profiles120-
240).
In March1995,fourprofiles(360-480)haderodedbackbeyondtheirpre-initialfill (1987)
shoreline,andwithoutheongoingnourishmentproject,threemoreprofiles(120-200)probably
wouldhavealsobeenbeforespring1996.Of the206,000cubicyards(157,510)placedonthe
OceanParkshorelineduringthe1987and1991fill projects,only39,000cubicyards(29,820
cubicmeters)of sandremainedonthebeachasof March1995.Summergenerallyshowsa
slightoverallaccretionof thebeach,butnotnearlyenoughtomakeupfor thelossesduringthe
fall andwinterseasons.
Theretreatof thedunesareindicativeof theseverechronicerosionoccurringatOcean
ParkBeach.In thelastyear,profiles240and420haveeroded25and17feet(7.6and5.2
meters),respectively.In fact,theduneatprofile280wastheonlyonewhosebasedidnot
recedelandward;however,all of theprofilesin thenon-bulkheadedsectionof thebeachshowed
a lossof sandvolumeaboveMHW.
Theoriginalprojectionforadditionalfill tobeplacedwasthewinterof 1994-1995;this
fill is presentlybeingplacedonthebeach.Theadditionalsandwill helppreventa severely
erosionalseasonfromfurthereducingtherecreationalbeachatOceanParkandalsoprevent
flooddamageandmonetarylossduetoerosionof realestateonthenon-bulkheadedshore.
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IV. Recommendations
In ordertopreventpropertydamageaswellasimprovetherecreationalbeachatOcean
Park,severaloptionsareavailable.Theseinclude:
1. Theplacementof fill materialtotheOceanParkshorelinein ordertobringit back
tothepost-initialfill volume.Thevolumeof sandpresentlybeingplacedontheshorelinehas
notbeenascertained;however,theadditionof sandtothesystemmaynotchangetheobvious
trendsof shorelinerosionbutwouldabatetheproblemforseveralyears.
2. Theconstructionof offshorestructuresin combinationwiththebeachfill would
changethewaveclimateimmediatelyimpactingOceanParkprovidingshoreprotectionand
reducingthelossof fill material.An inletjettywouldpreventsandlossesintoLynnhavenInlet
therebyreducingchannelmaintenance.
3. Slowingtheretreatof thelargedunesin thewesternsectionby installingsand
fences,plantingappropriatedunegrassesaswellasdepositingnourishmentsandonthesubaerial
andnearshoreportionof thewesternreachof shoreline.
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